with non-local initial condition for model and degenerate parabolic equations with parameter were con- 2 Non-local problems for degenerate parabolic equations with parameter.
Let us consider a parabolic equation
with two lines of degeneration in the domain Φ = {(x, y) : 0 < x < 1, 0 < y < 1} , where m, n > 0, λ ∈
C.
The problem 1. To find a regular solution of the equation satisfying boundary conditions
and non-local initial condition
where α is non-zero real number.
The following statements are true:
If there exists a solution of the problem 1, then it is unique.
Corollary 1. The problem 1 can have non-trivial solutions only when parameter λ lies outside of the sector ∆ = {λ : Reλ ≥ 0} . These non-trivial solutions represented by
where C pk are constants, p, k are real positive numbers. Eigenvalues defined as
Here µ k are roots of the equation
where I s () is the first kind modified Bessel function of s-th order.
We will omit the proof, because further we consider similar problem in three-dimensional domain in a full detail.
Let Ω be a simple-connected bounded domain in R 3 with boundaries S i (i = 1, 6). Here S 1 = {(x, y, t) : t = 0, 0 < x < 1, 0 < y < 1} , S 2 = {(x, y, t) : x = 1, 0 < y < 1, 0 < t < 1} , S 3 = {(x, y, t) : y = 0, 0 < x < 1, 0 < t < 1} , S 4 = {(x, y, t) : x = 0, 0 < y < 1, 0 < t < 1} , S 5 = {(x, y, t) : y = 1, 0 < x < 1, 0 < t < 1} , S 6 = {(x, y, t) : t = 1, 0 < x < 1, 0 < y < 1} .
We consider the following degenerate parabolic equation
The problem 2. To find a function u (x, y, t) satisfying the following conditions:
x,y,t (Ω); ii) u (x, y, t) satisfies the equation (5) in Ω;
iii) u (x, y, t) satisfies boundary conditions
iv) and non-local initial condition
Here α = α 1 + iα 2 , α 1 , α 2 are real numbers, moreover α Let us suppose that the problem 2 has two u 1 , u 2 solutions. Denoting u = u 1 − u 2 we claim that
First we multiply equation (5) to the function u (x, y, t), which is complex conjugate function of u (x, y, t). Then integrate it along the domain Ω ε with boundaries
Then taking real part of the obtained equality and considering
Re (x n y m uu t ) = 1 2 x n y m |u| after using Green's formula we pass to the limit at ε → 0. Then we get 
From (8) and by using conditions (6), (7), we find (9) we have u (x, y, t) ≡ 0 in Ω. Theorem is proved.
We find below non-trivial solutions of the problem 2 at some values of parameter λ for which the uniqueness condition Reλ = λ 1 ≥ 0 is not fulfilled.
We search the solution of Problem 2 as follows
After some evaluations we obtain the following eigenvalue problems:
Here µ = µ 1 + µ 2 is a Fourier constant.
Solving eigenvalue problems (11), (12) we find
where k, p = 1, 2, ..., µ 1k and µ 2p are roots of equations J 1 n+2 (x) = 0 and J 1 m+2 (y) = 0, respectively.
The eigenvalue problem (13) has non-trivial solution only when
After elementary calculations, we get
Corresponding eigenfunctions have the form
Considering (10), (15), (16) and (18) we can write non-trivial solutions of the problem 2 in the following form:
where
Remark 1. One can easily see that λ 1 < 0 in (17) , which contradicts to condition Reλ = λ 1 ≥ 0 of the theorem 2.
Remark 2. The following problems can be studied by similar way. Instead of condition (6) we put conditions as follows: Problem's name P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 10
3 Non-local problem for "forward-backward" parabolic equation with parameter.
where λ ∈ R, Lu = u xx − sign (x) u y .
The problem 3. To find a regular solution of the equation (19) from the class of functions u (x, y) ∈
, satisfying non-local conditions
Here k i i = 1, 6 , α is given non-zero constant,
Note, non-local conditions (20) , (21) were used for the first time by N.I.Ionkin and E.I.Moiseev [26, 27] .
and exists a solution of the problem 3, then it is unique.
Proof:
We multiply equation (19) to the function u (x, y) and integrate along the domains D 1 and D 2 . Using
Green's formula and condition (22), we get
From conditions (20) , (21), we find
Taking ainto account above identities we establish 
